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W)™e: COMPUTER-CONTROLLED. MODULE TkTE, MULTIPURPOSE SYNTHESIZER 



(57) Abstract 

Ihe present invention provides a computer-con- 
trolled, module type, multipurpose synthesizer n^ch 
contains a liquid flow control means by whidi the flow 
of reactants and solvents into the liquid flow control 
means is controlled by negative pressure and the flow of 
reactants and solvents out of the liquid flow control 
means is controlled by positive pressure. This apparatus 
9lso contains a directional flow valve means for controll- 
mg the direction of flow of reactants and solvents, ^ich 
allows reactants and soWents to be rapidly passed from 
the liquid flow control means through tiie reaction cham- 
ber, continuously, rath^ than bdi^ discarded after each 
pass. This apparatus may also be equipped with a recyc- 
ling system by which reactants and solvents can be used 
rq)eatedly, v^ch can dramatically reduce the amount of 
expenshre monomos usually required. Moreov^ , the 
present apparatus may be connected to a faction collec- 
tor to measure the progress of synthesis. 




FOR THE PURPOSES OF iNFORMAJlON ONLST 

Codes used lu ulentily States |)any to the PCI' on the fiunl pages of pamphlets publishing International 
applications under the PCT. 



AT 


Atcaria 


Kl 


hiolaml 


Ml. 


Mali 


AU 


Amlralb 


PR 


France 


MN 


Moagolia 


BB 


BartKhJos 


CA 


Uabon 


MR 


Mauritania 


BB 


BcJ^um 


CB 


UnilcU KiogMom 


MW 


Malawi 


BF 


Bufiina Hisu 


CN 


Guinea 


NL 


NudiCfiancb 


BG 


Bulgara 


Cft 


Qruuctf 


NO 


Noniray 


aj 


Benin 


HU 


Hungary 


PL 


PoliinJ 


BR 


Bnsdl 


IE 


Ifuland 


BO 


Romania 


CA 


C^anada 


IT 


Italy 


RU 


Russian Fctlcntlion 


CP 


Cbnlml AFrican Republic 


JP 


Japan 


SD 


Sudan 


CC 




KP 


IXunociaik hwplc^ Republic 


SB 


Sweden 


CH 


Swilnrrland 




of Korea 


SH 


Senegal 


a 


COlc dlvoin; 


KB 


Republic of Korea 


SU 


Sovid Union 


CM 




U 


Liecbtenstun 


TD 


Chad 




(SeccbciduvaUa 


UC 


Sri tanfca 


TC 


Togp 


oe 


Germany 


UJ 


Littcmlwurs 


US 


United Slates of America 


UK 


Denmark 


MC 


Monaco 








Spain 


MC 


Mndngavar 







\VO 93/00625 



PCr/US92/05310 



COMPUTER-COmOLLgD. MOPmB TYPB . MPLTIPIIRPOBB gCTTHEBIZBR 

The invention described herein was made in the course of 
work under Grant Nos. CA08748, CA18601 and CA33907 from the 
5 National Cancer Institute, National Institutes of Health, 
U.S. Department of Health euid Human Services. Accordingly, 
the U.S. Government has certain rights in this invention. 

Baclcaromid o f tha imrmtion 

10 

Throughout this application various publications are 
referenced within peurentheses . The disclosures of these 
publications in their entireties are hereby incorporated by 
reference into this application in order to more fully 
15 describe the state of the art as known to those skilled 
therein as of the date of the invention described and 
claimed in this invention. 



20 



25 



1 2 cdiemical synthesis of organic compounds on solid phase 
has been vigorously studied during the past 25 years since 
the first successful demonstration of peptide synthesis by 

Merrifield (i — Chem. Soe. . 85, 2149 (1963)) and 

oligonucleotide synthesis by Letsinger and Komet f j. Am. 
Chem. gpc, , 85, 3045) . In conparison with the synthesis in 
solution, the solid support synthesis brou^it many 
advantages, especially in tie case of oligomers (e.g., 
oligopeptides <md oligonucleotides) , because it is possible 
to omit a large number of purification steps and avoid the 
isolation of intermediates. At the present, several 
30 sophisticated solid idiase based synthesizers are 
commercially available. However, they are generally 
expensive and their utility is often restricted to the 
purpose that they were specifically designed for (eg. RNA or 
DNA synthesis) . The commercially available DMA synthesizers 
35 use various principles to deliver appropriate reagents and 
solvents into the reaction vessel (through-flow column) . In 
scane cases argon inressure is used and in other cases liquid 
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transfer is made possible by mechanical pumps (eg. motorized 
syringe pwsp, peristaltic pump, continuous piston, or 
membrane pump) or by combination of both principles 
(Caruthers et al., U.S. Serial No. 4,458,066, issued July 3, 
5 1984; Melamede, U.S. Serial No. 4,863,849, issued September 
5, 1989; implied Biosystems Model 373A automated DNA 
sequencing system. Nature , 1990; 347: 310). The mechanical 
pump is inserted between the liquid reservoirs and the 
reaction column. 

10 

The present invention provides a computer-controlled, module 
type, multipurpose synthesizer which is readily 
distinguished from the DNA synthesizers that are 
commercially available. This synthesizer contains a liquid 

15 flow control means, located on the ou^ut side of the 
reaction column, by which the flow of reactants and solvents 
into the liquid flow control means is controlled by negative 
pressure and the flow of reactants and solvents out of the 
liquid flow control means is - controlled by positive 

20 pressure. Inert gas pressure has only an auxiliary role in 
balemcing the pressure inside the system , so that the 
possibility of any adverse effect, such as bubble formation 
or localized high pressure, is eliminated. This apparatus 
also contains a directional flow valve means for controlling 

25 the direction of flow of reactants and solvents, which 
allows reactants and solvents to be rapidly passed from the 
liquid flow control means to and through the reaction 
chamber, continuously, rather than being discarded after 
each pass. This apparatus may also be equipped with a 

30 recycling system by ^diich reactemts and solvents can be used 
repeatedly , which can dramatically reduce the amount of 
expensive monomers usually required. Moreover, the present 
appcuratus may be connected to a fraction collector or some 
other suitable instrument, to measure the progress of 

35 synthesis. The whole system may also be controlled by a 
cosrputer. With this invention, it is possible to synthesize 
efficiently oligomers like oligonucleotides and 



wo 93/00625 



PCr/US92/«S310 



-3- 



oligopeptides in large scale. Moreover, the present 
invention allows one to synthesize efficiently 
oligonucleotides and oligopeptides containing modified 
bases, nucleosides or amino acids which are not naturally 
occurring. No other syston has been developed to meet this 
demand. 
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Bwimp^T- Y 6f the Invent ion 

The present; invention provides an apparatus for synthesizing 
an oligomer from preselected reactants ^ich conprises: 

(a) multiple reservoirs, each reservoir comprising an input 
means and an output meeuis, each for holding a different 
one of the reactants; 



10 (b) multiple reservoirs, each reservoir comprising an input 

means cuid an output means, each for holdJLng a different 
solvent; 



(c) a reaction chamber, con^rising a first open end and a 
15 second open end, for holding a solid support material; 

(d) a gas supply means, connected to the input means of the 
reservoirs, for controlling the supply of gas within 
the apparatus so as to maintain a constant pressure 

20 within the appcuratus; 



(e) a delivery valve means, comprising an input means and 
an output meeuns, wherein the input means is connected 
to the output means of each reservoir and the output 

25 means is connected to the first open end of the 

reaction diambiBr, for selectively delivering each 
reactant or solvent . from the output means of each 
reservoir to the first open end of the reaction 

30 

(f ) a directional flow valve means, cos^rising a first port 
and a second poirt, vberein the first port is connected 
to the second open end of the reaction chamber, for 
controlling the direction of flow of each reactant and 

35 solvent; 
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(g) a liquid flow control means, connected to the 
directional flow valve means, for controlling the flow 
of each reactant or solvent into the liquid flow 
control means by negative pressure and the flow of each 

5 excess reactant or solvent out of the liquid flow 

control means by positive pressure; 

(h) a selection valve means, comprising an input means and 
an output means, wherein the input means is connected 

10 to the second port of the directional flow valve means, 

for controlling the disposition of each excess reactant 
or solvent flowing from the second port of the 
directional flow valve means; and 

15 (i) a control means for controlling the selection and 

delivery of each reactant or solvent by the delivery 
valve means, the direction of flow of each reactant or 
solvent by the directional flow valve means, the flow 
of each reactant or solvent by the liquid flow control 

20 means, and the disposition of each excess reactant or 

solvent by the selection valve means, in response to 
selected conditions. 

The present invention also provides three recycling systems 
25 for recycling excess or unused reactants and solvents. In 
the first system, the apparatus above further comprises a 
recycling reservoir comprising an input means and an output 
means, wherein the input meems is connected to the output 
meems of the selection valve means and the output means is 
connected to the input means of the delivery valve means, 
for holding each excess reactant or solvent before delivery 
by the delivery valve means. 



30 



35 



In the second system, the apparatus cd>ove further con^rises: 

(a) a recycling reservoir, comprising an input/output 
means, for holding each excess reactamt or solvent; 



'• ■ 
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(b) a recycling valve means, comprising a first port, a 
second port, a third port, and a fourth port, wherein 
the first poirt is connected to the output means of the 
selection valve means, the second port is connected to 

5 the input/ou^ut me£uis of the recycling reservoir, the 

third port is connected to the first open end of the 
reaction chamber, and the fourth port is connected to 
the output means of the delivery valve means, for 
recycling each excess reactant or solvent back through 
10 the reaction chamber; and 

(c) a control means, for controlling the recycling of each 
excess reactzuit or solvent by the recycling valve 



15 



In the third system, the previous system further comprises: 



(a) a bidirectional valve means, comprising a first port, 
a second port, a third port, and a fourth port, wherein 

20 the first port is connected to the third port of the 

recycling valve means, the second port is coimected to 
the first opening end of the reaction chamber, the 
third port is connected to the second opening end of 
the reaction chamber, and the fourth port is connected 

25 to the first port of the directional flow valve; and 



(b) a control means for controlling the bidirectional valve 
means. 

30 Additionally, the apparatus of the present invention further 
comprises : 

(a) additional reservoirs, each reservoir comprising an 
input means and an output means, each for holding an 
35 additional reactant; 
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reservoir comprising an 
, each for holding an 
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(to) additional reservoirs, each 
input means and an ou^mt 
additional solvent; 



(c) a modifying valve means, comprising an input means and 
an output means, i^erein the input means is connected 
to the output means of each additional reservoir and 
the output means is connected to input means of the 
delivery valve means, for selectively delivering each 
additional reactant or solvent to the delivery valve 
means; and 



15 



(d) a control wBaxts, for controlling the selection and 
delivery of each additional reactant or solvent to the 
delivesry valve means by the modifying valve means. 



This modifying valve means may be connected to the apparatus 
in the situation v^erein additional reactants and solvents 
may be required because of the method of synthesis. The 
2 0 modifying valve may be used with or without the above 
recycling systems. 



25 



Lastly, the present invention provides a method for 
synthesizing an oligomer in a reaction area from preselected 
reactants which conqprises: 



30 



(a) displacing one of the preselected reactants by negative 
pressure into the reaction area, under suitable 
conditions for permitting reaction; 

(b) removing excess reactant from the reaction area by 
negative pressure; 



(c) repeating steps (a) and (b) a selected number of times 
35 until reaction has occurred; 
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(d) displacing a preselected solvent by negative pressure 
into the reaction area, under suitable conditions for 
penaitting reaction; 

5 (e) removing solvent from the reaction curea by negative 

pressure ; 

(f ) repeating steps (d) and (e) a suitable number of times 
imtil the reaction area is suitably washed; 

10 

(g) repeating steps (a) -(c) with the next preselected 
reactant; 

(h) repeating steps (d)-(f) with the next preselected 
15 solvent ; and 



(i) repeating steps (g) and (h) until the oligomer desired 
has been synthesized. 
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Brief Description cf the Figures 

ZisuxsJL* The synthesizer of the present Invention vith the 
modifying valve (MV) , the delivery valve (DV) , the recycling 
5 valve (RV) , the selection valve (SV) , the recycling flask 
(RF) , the reaction column (RC) , the motorized syringe pump 
(MSP), the input/ out^t syringe pump (I/O V) , the 
intelligent valve positioner (IVP) , the argon input and 
inner gas regulator, and reagent and solvent bottles. The 
10 recycling valve (RV) and the recycling flask (RF) are not 
necessary for a working model of the present invention. 

Ficatre 2. Another version of the synthesizer of the present 
invention with the modifying valve (MV) , the delivery valve 

15 (DV), the recycling valve (RV), the bidirectional valve 
(BDV) , the reaction column (RC) , the motorized syringe pump 
(MSP) , and the selection valve (SV) . HIP, N2P, H3P, H4P, 
and N5P represent various nucleotide positions where 
reservoirs containing nucleotides are connected, CAP and COP 

20 represent the positions lAiere the capping agent and the 
condensing agent reservoirs are connected, respectively; 
WIP, WIIP, and WIIIP represent the positions where the 
washing I, washing II, and washing III solution reservoirs 
are connected , respectively ; DEP , MIP , MIIP , and CTP 

25 represent the positions where the deblocking agent, the 
modifying agent I, the modifying agent II, and the catalyst 
agent are connected, respectively; WSP and FCP represent 
the waste position and the fraction collector position, 
respectively; and RCP represents the recycling position 

30 where the recycling reservoir is connected. 

fjqw? 3* Another view of the synthesizer of the present 
invention showing the PC computer, the intelligent valve 
positioners (IVPs) (up to 79), the independent automatic 
35 valves (up to 316), and the independent automatic syringes 
(up to 52) • 
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Fiaure 4 . Another version of the synthesizer of the present 
invention that was used in Exanples 1 and 2 with the 
delivery valve (DV) , the reaction column (RC) , the motorized 
syringe pump (MSP) , and the selection valve (SV) . AAIP, 
5 AA2P, AA3P, said AA4P r^resent the positions where four 
amino acids are connected; WIP, WIIP^ DEP, and RCP 
represent the positions where the washing I solution, the 
washing II solution, the deblocking solution, and the 
recr^cling reservoir are connected ; and BPP and WSP 
10 represent the by-pass position and the waste position, 
respectively. 

Figure 5 . Another version of the synthesizer of the present 
invention that was used in Examples 3-6 with th6 modifying 

15 valve (MV) , the delivery valve (DV) , the reaction column 
(RC) , the motorized syringe pump (HSP) , and the selection 
valve (SVy. WIP, WIIP, and WIIIP represent the positions 
where the washing I, washing II, and washing III solution 
reservoirs are connected, respectively; DEP, MIP, MIIP, and 

20 CTP represent the positions i^ere the deblocking agent, the 
modifying agent I, the modifying agent II, and the catalyst 
agent are connected, respectively; NIP, N2P, N3P, N4P, and 
N5P represent various nucleotide positions where reservoirs 
containing nucleotides are connected; CAP and COP represent 

25 the positions ^ere the capping agent and the condensing 
agent resexrvoirs are connected, respectively; and WSP 
represents the waste position. 

Figure 6 > HPLC separation of tetrapeptide HOOC-Thr-Leu-Asn- 
30 Phe-NH2 from Exanple 1. 

Figure 7 . HPLC separation of decapeptide HOOC-Leu-Phe-Phe- 
Asn-Iieu-Thr-Phe-Thr'-Leu-Asn^NH2 from Escample 2 . 

35 Figure 8 . HPLC Chromatogram of homodecanucleotide d(lMe-f- 
U)io from Exaii5)le 3 (see also Table 2). Gradient system; 
solvent A: □•IM-TE&A pH 7.00 in water; solvent B: 70% 
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acetonitrile-water; with flow rate 2.5 ml/min; coliimn 
type: Oynamax - 300A C18 10x25QxDm 10-'30%B/30 min. 

yjqur? — E* HPLC Chromatogram of homodecanucleotide, 
5 decatbymidylate d(T)2o tram Example 4 (see also Table 3). 
Gradient system; solvent A: O.lM-TEAA pH 7.00 in water; 
solvent B: 70% acetonitrile-water; with flow rate 2.5 
ml/min; column type: Dynamax - 300A C18 I0x250mm 10- 
30%B/30 min. 

10 

Figure 10. HPLC Chromatogram of undecanucleotide d(T5-3Me- 
T-Dg) (dT = thymidine, d3Me-f-U = 3-methyl-2'-deoxy-7- 
uridine) from £xa]^>le 5 (see also Table 4). Gradient 
system; solvent A: O.IM-TEAA pH 6.86; solvent B: 70% 
15 acetonitrile-water; with flow rate l ml/min; column type: 
Dynamax - Cl8 I0x250mm 5/u& lO-50%B/30 min. 

Fiquye n. HPLC Chromatogram of decanucleotide d(A-Ne2-f- 
U)5r (dA = 2'-deoxyadenosine, dMe2-T-U « 2'-deoxy-l,3- 
20 dimethyl-T-uridine) from Example 6 (see also Table 5). 
Gradient syst«i; solvent A: O.IM-TEAA pH 6.86; solvent B: 
70% acetonitrile-water; with flow rate i ml/min; column 
type: Dynamax - C18 I0x250mm S/im l0-25%B/30 min. 

25 
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Detalled DeBcription of the Invention 



The present invention provides 
an oligomer from preselected reactants which comprises 



(a) multiple reservoirs, each 
means and an output means, 
one of the reactants; 



ir comprising an input 
for holding a different 



10 



(b) multiple reservoirs, each 
me£ms and an output means, 
solvent; 



ir comprising an input 
for holding a different 



(c) a reaction chamber, comprising a first open end and a 
15 second open end, for holding a solid support material; 



20 



(d) a gas supply means, connected to the ii^ut 
reservoirs, for controlling the supply of 
the apparatus so as to maintain a constant 
within the apparatus; 



of the 
within 



30 



35 



(e) a delivery valve means, con^rising an input means and 
an output means, wherein the input meems is connected 
to the oul^ut means of each reservoir and the ou'^ut 
means is connected to the first open end of the 
reaction chamber, for selectively delivering each 
reactant or solvent from the output means of each 
reservoir to the first open end of the reaction 
chamber; 

(f ) a directional flow valve means, comprising a first port 
and a second port, wherein the first port is connected 
to the second open end of the reaction chamber, for 
controlling the direction of flow of each reactant and 
solvent; 
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(g) a liquid flow control means, connected to the 
directional flow valve means, for controlling the flow 
of each reactant or solvent into the liquid flow 
control means by negative pressure and the flow of each 
5 excess reactant or solvent out of the liquid flow 

control means by positive pressure; 



(h) a selection valve means, co]q)rising an input means and 
an output meaxis, wherein the input means is connected 
to the second port of the directional flow valve means, 
for controlling the disposition of each excess reactant 
or solvent flowing from the second port of the 
directional flow valve means; and 

• 

(i) a control means for controlling the selection and 
delivery of each reactant or solvent by the delivery 
valve means, the direction of flow of each reactant or 
solvent by the directional flow valve means, the flow 
of each reactant or solvent by the liquid flow control 
means, and the disposition of each excess reactant or 
solvent by the selection valve means, in response to 
selected conditions. 



The present invention also provides three recycling systems 
25 for recycling excess or unused reactants and solvents. In 
the first system, the apparatus above further comprises a 
recycling reservoir comprising an input means and an output 
means, wherein the input means is connected to the output 
means of the selection valve means and the output means is 
30 connected to the input means of the delivery valve means, 
for holding each excess reactant or solvent before delivery 
by the delivery valve means (see Figiure 4) . 

In the second system, the apparatus above further comprises: 

35 

(a) a recycling reservoir, comprising an input/output 
means, for holding each excess reactant or solvent; 
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(b) a recycling valve mecms, comprising a first port, a 
second port, a third port, and a fourth port, herein 
the first port is connected to the oul^ut means of the 
selection valve meems, the second port is connected to 

5 the input/ output means of the recycling reservoir, the 

third port is connected to the first open end of the 
reaction chamber, and the fourth port is connected to 
the output means of the delivery valve means, for 
recycling excess reactant or solvent bacic through the 
10 reaction chamber; and 

(c) a control means, for controlling the recycling of 
excess reactant or solvent by the recycldLng valve means 
(see Figure 1) • 



15 



In the third system, the previous system further comprises: 



(a) a bidirectional valve means, comprising a first port, 
a second port, a third port, and a fourth port, wherein 

20 the first port is connected to the third port of the 

recycling valve means, the second port is connected to 
the first opening end of the reaction chamber, the 
third port is connected to the second opening end of 
the reaction chamber, and the fourth port is connected 

25 to the first port of the directional flow valve; and 

(b) a control means for controlling the bidirectional valve 
means (see Figure 2 and Table 1 for a detailed 
explanation of this recycling system) • 
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TABLE X. Explanation of the "Recycling procedure" of the 
oligonucleotide synthesis according to Figure 2. 



* * 



* Valve position * 

*I/0 valve * RV * SV * 

1. Monomer 1 solution suction * 0 * 1-4 * 0-1 * 
(W 0-12) ♦ * * * 

2. Monomer solution dispensing * 0 * 4-7 * . 0-1 * 
from syringe into recycl* flask* * * * 

3. Repetition of 1st & 2nd steps * - * * ~ * 

9ks many times as necessary * * 

4. Condensing agent soln* suction * 0 * 1-4 * 0-1 * 
(DV 0-2) * * * * 

5. Condensing agent soln» dispens-* 0 * 4*»7 * o~i * 
ing into recycling flask * * * * 

6. Repetition of 4th & 5th steps * - * * _ ~ ^ 

as many times as necessary * * * * 

7. Preformed mixture suction from * I * 7-10 * o-l * 
recycle flask through column * * * * 

8. Mixture dispensing from * 0 * 4^7 * o->l * 
syringe into recycllzing flask * * * * 

9. Repetition of 7th & 8th steps * - * * IZZ * 

as many times as necessary * * * * 

10. Recyclizing flask emptying and * I * 7-10 * 0-12 * 
collection of unreaeted monomer* 0 * 7-lo * 0-12 * 

11. Repetition of 10th step as * - * * 

many times as necessary * * 



* * 
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Additionally, the apparatus of the present invention fiirther 



(a) additional reservoirs, each 
input means and an ou^ut 
additional reactant; 



reservoir comprising an 
, each for holding an 



10 



(b) additional reservoirs, each 
input means and an output 
additional solvent; 



• • 



reservoxr comprxsxng an 
, each for holding an 



15 



(c) a modifying valve means, comprising an input means and 
an output means, wherein the input means is connected 
to the output means of each additional reservoir and 
the output Bieans is coxmected to input means of the 
delivery valve means, for selectively delivering each 
additional reactant or solvent to the delivery valve 
and 



20 (d) a control means, for controlling the selection and 

delivery of each additional reactant or solvent to the 
delivery valve means by the modifying valve meaois. 



25 



This modifying valve means may be connected to the apparatus 
in the situation wherein additional reactants and solvents 
may be required because of the method of synthesis, 
modifying valve may be used with or without the 
recycling systems. 



The 



30 The apparatus of the present invention may be employed in 
the synthesis of oligomers such as oligonucleotides and 
oligopeptides as well as oligonucleotides and oligopeptides 
containing modified bases, nucleotides or amino acids which 
are not naturally occurring. Preferably, the invention may 

35 be used for the synthes is of oligonucleotides and 
oligopeptides. 
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The method of synthesis and the choice of reactants and 
solvents will depend iq>on the specific oligomer desired and 
are readily detemined by one skilled in the art. For 
example, the methods chosen in the examples which follow 
5 demonstrate the synthesis of oligopeptides using the FHOC 
procedure zuid the synthesis of oligonucleotides using the H- 
phosphonate method. However, this invention should not be 
construed to be limited to the methods above. Other methods 
of synthesis of oligomers may be employed. In addition to 
10^ the choice of reactants and solvents, the parameters for 
synthesis such as the flow rate, time, and total volume of 
reactants and solvents depend on the method of synthesis. 

The term ••reservoirs" refers to flasks or bottles or other 
15 suitable mesms for containing reactsmts and solvents. The 
texrm ••reactants" includes reactants used for carrying out 
the synthesis desired. For oligonucleotide or oligopeptide 
synthesis, the reactan-bs may include amino acids or 
nucleotides. ••Reactants" also includes deblocking agents, 
20 coupling agents, condensing agents, oxidizing agents, 
hydrolyzing agents, capping agents, and catalyst agents. 
The term ••solvents^* includes all solvents or reagents used 
for carrying out the synthesis desired. For oligonucleotide 
or oligopeptide synthesis, the solvents include suitable 
25 washing agents. 

The synthesis is carried out in the ••reaction chamber. •• The 
reaction column may be any chamber readily available to 
those skilled in the art. Preferably, the reaction cduunber 

30 is a glass column with an adjustable length bed. The ••solid 
support^* may be any solid support used by those skilled in 
the art for oligomer synthesis and depends on the methods 
chosen for synthesis. Examples of solid support material, 
although not construed to be limited to the following, 

35 include methylbenzhydrylaiaine resin and long chain 
alkylamine controlled pore glass. 
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The "gets supply means" Includes any means for controlling 
the supply of gas within the appairatus so as to maintain a 
constant pressure within the apparatus. This is used to 
prevent any adverse effects such as bubble formation or 
5 localized high presssure, which may impede the efficiency of 
synthesis. However, it should be understood that the gas 
supply means has only an auxiliary role and does not control 
the flow rate and direction of flow of reactants and 
solvents. Preferably, the gas is an inert gas such as 
10 argon. However, this invention should not be construed to 
be limited to the inert gas argon and includes other gases 
known to those skilled in the art that are useful for 
maintaining a constemt pressure during synthesis. 

15 The "delivery valve means" is any delivery valve means for 
selectively delivering each reactant or solvent from each 
reservoir to the first open end of the reaction chamber. 
The delivery valve means may be one valve or a plurality of 
valves. Such valves are commercially readily available to 

20 those skilled in the art and may include but are not limited 
to Hamilton valves, solenoid valves, or other valves of 
equal precision. Most preferably, the valves are a daisy 
chain of Hamilton automatic dispensers. 

25 The "directional flow valve means" is any directional flow 
valve means for controlling the direction of flow of each 
reactant or solvent. Such valves are comoBiercially readily 
available to those skilled in the art and may include but 
cire not lixoited to Hamilton valves, solenoid valves, or 

30 other valves of equal precision. Most preferably, the 
valves are a daisy chain of Hamilton automatic dispensers. 
The directional flow valve means controls the direction of 
flow of reactants or solvents by permiting the reactants or 
solvents to flow from the reaction chamber into the liquid 

35 flow control means and then to the selection valve means or 
back to the reaction chamber. 
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The "licpiid flow control means" may be any liquid flow 
control means idiicb employs negative pressure for 
controlling the flow of reactants or solvents into itself 
and positive pressure to control flow of reactants or 
5 solvents out of itself. Preferrably^ the liquid flow 
control means is a syringe. Most preferably, the liquid 
flow control means is a motorized syringe pump* 

The "selection valve means" is any selection valve means for 

10 controlling the disposition of excess reactants and solvents 
flowing from the output side of said liquid delivery means. 
The selection valve means may be one valve or a plurality of 
valves. Such valves are commercially readily available to 
those skilled in the art and may include but are not limited 

15 to Hamilton valves, solenoid valves, or other valves of 
equal precision. Most preferably, the valves are a daisy 
chain of Hamilton automat^ic dispensers. The selection valve 
means is further connected to a waste reservoir, a recycling 
system, or both. The excess reactants imd/or solvents may 

20 then be disposed as waste through the waste reservoir or 
recycled via the recycling systems. Additionally, the 
selection valve means may be connected to a fraction 
col lector or some other suitable instrument , eg . for 
measuring the progress of synthesis (stepwise yield UV 

25 measurement) • 

The recycling systems allow excess reactants or solvents to 
be stored and recirculated through the reaction column. In 
the second and third irecycling syst^as, the "recycling valve 

30 means" may be one valve or a plurality of valves. Such 
valves are commercially readily available to those skilled 
in the art and may include but are not limited to Hamilton 
valves, solenoid valves, or other valves of equal precision. 
Host preferably, the valves are a daisy chain of Haaiilton 

35 automatic dispensers. In all three systems, the ^'recycling 
reservoir" may be one or more flasks or bottles or other 
suitable means for containing reactants and solvents. The 
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"biddlrectional valve means" in the third system is 
preferably a Isidirectional valve. Such a valve is 
commercially readily availeUsle to those skilled in the art 
and may include but is not limited to Hamilton valves, 
5 solenoid valves, or other valves of equal precision. 

Additional valves may be required when the method of 
synthesis so dictates. This invention permits connecting 
addititional valves via the "modifying valve means." The 

10 modifying valve means gives the user the flexibility of 
adding a vazrying number of reactant and solvents that 
otherwise could not be added using one valve means. 
Preferably, the modifying valve means may be one valve or a 
plurality of valves. Such valves are commercially readily 

15 avail£Q>le to those s)cilled in the art and may include but 
cire not limited to Hamilton valves, solenoid valves, or 
other valves of equal precision. Most preferably, the 
valves are a daisy chain of Hamilton automatic dispensers. 
The modifying valve means nay be connected to the delivery 

20 valve means as shown in Figures 1, 2, and 5. 

When using the modifying valve means, additional reservoirs 
are used for holding the additional reactemts and solvents. 
These reservoirs may be one or more flasks or bottles or 
25 other suitable means for containing reactants and solvents. 

The various elements of the apparatus, eg. various valve 
means, liquid delivezry means, and reservoirs are connected 
by tubes that permit the flow of reactants and solvents from 
30 one pcurt of the apparatus to another. These connecting 
tubes are readily commercially available. 

The delivery valve means, the directional flow valve means, 
the liquid flow control means, the selection valve means, 
35 the recycling valve means, the bidirectional valve means, 
and the modifydLng valve mecms are all controlled by a 
control means. Ttxe control means is preferably a coB^uter. 
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Computer programs may be written by one skilled in the art 
to control the various elements of the apparatus and 
conditions for synthesis, eg. the flow rate, time, and total 
volume of reactants and solvents sudced through the reaction 
5 chamber. 

When the above recited valve means and liquid flow control 
means are Hamilton valves and syringes, respectively, they 
are controlled by the conputer via Hamilton IVPs 

10 (Intelligent valve positioners) . However, this invention is 
not construed to be limited to the use of the Hamilton IVPs 
and any other system that controls the actions of valves or 
syringes in response to conqputer commands may be used. The 
flexible nature of the present invention permits the use of 

15 up to 79 IVPs, 316 independent automatic valves, and 52 
independent automatic syringes (see Figure 3 ) • 

Lastly , the present invention provides a method for 
synthesizing an oligomer in a reaction area from preselected 
20 reactants idiich comprises: 



(a) displacing one of the preselected reactants by negative 
pressure into the reaction area, under suitable 
conditions for permitting reaction; 

25 

( b ) r^ov jjig excess reactant from the reaction area by 
negative pressure; 



(c) repeating steps (a) and (b) a selected number of times 
30 until reaction has occurred; 

(d) displacing a preselected solvent by negative pressure 
into the reaction area, under suitable conditions for 
penaitting reaction; 

35 

(e) removing solvent from the reaction area by negative 
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(£) repeating steps (d) £Lnd (e) a suitable number of times 
until the reaction area is suitably washed; 

(g) repeating steps (a) -(c) vith the next preselected 



(h) repeating steps (d) -(f) with the next preselected 
solvent; and 

10 (i) repeating steps (g) and (h) until the oligomer desired 

has been synthesized. 



The term "reactsuits" includes reactants used for carrying 
out the synthesis desired. For oligonucleotide or 

15 oligopeptide synthesis, the reactants may include amino 
acids or nucleotides. "Eeactants" also includes deblocking 
agents, coupling agent:s, condensing agents, oxidizing 
agents, hydrolyzing agents, capping agents, and catalyst 
agents • The term "^solvents" includes all solvents or 

20 reagents used for carrying out the synthesis desired. For 
oligonucleotide or oligopeptide synthes is , the solvents 
include suitable washing agents. 



The present invention is illustrated in the Experimental 
25 Details section which follows. This section is set forth to 
aid in an understeuiding of the invention but is not intended 
to, axid should not be construed to, limit in any way the 
invention as set forth in the claims which follow 
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Eroerlnantal Datalla 

EXAMPLE 1 

5 Synthesis of tetrapeptide HOOC-Thr-Leu-Asn-Phe-NHj 
Synthesizer configurations see Figure 4. 

Solid supports 4-Mettaylbenzhydrylamine Resin, 1% crosslink, 
10 100-200 mesh particle size, substitution 0.35 HEQ/G. 

Synthetic methods FMOC, active esters. 

Amino acids s Pentafluorophenylester of N-fluorenylmethyl- 
15 oxycarbonyl derivatives. 

Solvents & reagents £ N,N-dimethylformamide (OMF) (WGI) , 20% 
(v/v) piperidine in UMF (DEFMOC) , acetonitrile (WGIII) . 

20 Reaction ™7 ^TT^ - 8 mm XD glass column with adjustable 
length of the bed. 

Scale; O.i mmol ( » 287 mg of solid support). 

25 pong?ntratipn: O.OS mol/l solution of fully protected amino 
acid in DMF, 2 fold molar excess of each amino acid per 
working cycle. 

The course of the synthesis followed from Figure 4. The 
30 synthetic method consisted of each cycle of deblocking 
(DEFMOC) , washing (WGI) , coupling reaction with the use of 
recycling (COSEC) , and recycle-type washing (RW6I) . The 
first cycle was preceded by washing (WGI) and the last one 
was followed by the final washing (WGI, WGIII) . The 
35 volumes, flow rates, and times for DEFMOC, WGI, COREC, RWGI, 
and WGIII were chosen according to the FHOC synthetic 
method. 
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The amino acid solutions were filled into the appropriate 
bottles and connected to the AAP positions. Similarly , the 
dimethylformamide bottle was connected to WIP, 
piperidine/DMP solution to the DEP^ and acetonitrile to the 
5 WGIII position. The MSP ptnnp (I-position) then sucked and 
took WIP of the DV-valve to the column RC; then, MSP was 
switched to O-position and the solvent was released from the 
syringe through the waste position WSP of SV to the waste. 
Then the cycle started with deblocking where the 

10 piperidine/DMF solution was taken from the tlask connected 
to the DEP position on DV to the column RC by sucking (I- 
position) into MSP. The MSP was switched into the O- 
position, and the solvent was released through the SV valve 
(WSP-position) into waste. The washing step first started 

15 by sucking liquid from the flask in the WIP position on DV. 
The liquid then went through the reaction column (RC) and 
entered MSP through the open Imposition. The MSP switched 
to the O-position, and the liquid was released through WSP 
to waste. 

20 

The next step was the coupling operation which was carried 
out with recycling as follows: The amino acid solution was 
taken from the appropriate storage flask by suction of MSP 
(I-position) and passed through the AAP position of DV to 

25 the column RC ^ere the coupling reaction took place; it 
passed on MSP then MSP was switched to the (h-position, and 
the solution passed through by-pass BPP position in SV back 
to the recycling flask; from there it was taken again by 
suction, it passed the RCP position on DV and to column RC, 

30 then it was driven by MSP to by-pass and returned to 
recycling flask, etc. up to the amount of predetermined 
cycles. W£ishing RWGI then started hereby DMF was sucdced 
through WIP/DV into the column and by-passed in the same way 
as above into the recycling flask, etc. up to the required 

35 time. 
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The main cycle ended and the next one stalled with 
deblocking (DEFMOC) as described above, etc., until all the 
synthetic cycles were aver. After the last one, the WGI and 
WGIII washings were per£onDed in the mode without recycling. 

5 

After synthesis, the dry resin was stirred in a mixture 
consisting of liquid hydrogen fluoride (18ml) , anisole (1ml) 
and dimethylsulfide (Iml) at O^C. Hydrogen fluoride and 
dimethylsulf ide were removed by passing nitrogen through the 

10 mixture for one hour. The resulting suspension was then 
triturated with ether. The solid was collected by 
filtration, and the product was extracted with 60% aqueous 
acetic acid. The resin was removed by filtration, and the 
filtrate was lyophilized to give crude peptide (32.5 mg (66% 

15 yield). The crude p^tiide was purified by semipreparative 
high pressure liquid cdiromatography on a reverse phase 
column (MBondapak C18) in water-acetonitrile gradient system 
contained 0.05% trifluoroacetic acid. After lyophilization 
of an appropriate fraction, pure tetrapetide HOOC-Thr-Leu- 

20 Asn-Phe-NB^ (21.4 mg 43%) was obtained. Amino acid 
analysis: Found: Thr^ 0.97; Leu, 1.1; Asn (as Asp), 0.97; 
and Phe, 0.98 (see Figure 6 for HPLC data). 

25 

Synthesis of decapeptide HOOC«*Leu-Phe-Phe*Asn*Leu-Thr-Phe- 
Thr-Leu*Asn-NHo 



Synthesi zer conf iouratlon t see Figure 4. 

30 

Solid supports 4-Hethylbenzhydrylamine Resin, 1% crosslink, 
100-200 mesh particle size, substitution 0.35 HEQ/6. 

Syntheti c method s FMOC, active esters. 

35 

Amino acids; Pentafluorophenylester of N-f luorenylmethyl- 
oxycarbonyl derivatives. 
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Solvents & reagents ; N,N-di]nethylformamide (DMF) (WGI) , 20% 
(v/v) piperidine in DMF (DEFBOC) , acetonitrile (WGIII) . 

Reactio n rgnji^^n; 8 mm ID glass colmnn vith adjustable 
5 length of the bed* 

Scale ; 0.05 mmol ( = 144 mg of solid support). 

Concentration ; 0.05 mol/l solution of fully protected amino 
10 acid in DMF, 2 fold molar excess of each amino acid per 
working cycle. 

The procedure followed the same arrangement as in Example 1, 
except only the numbers of synthetic cycle were different 

15 (as for decamer) . In this example, only four bottles 
containing cuoino acid solution were connected to the DV 
valve because only Leu, Phe, Thr, and Asn were used in the 
sequence. More bottles can be connected to the four AAP 
valves as needed. The same method as in Exan^le 1 was used 

20 for coupling with recycling and for the final washing 
(RWGI) . 

The work up was the same as in Bxaxople 1. The yield of 
crude peptide was 28.7 mg (43%) of the decamer. Following 

25 purification of this product by semipreparative HPLC on 
reverse phase (piBondapak C18) in water-acetonitrile gradient 
system contained 0.05% trifluoroacetic acid and 
lyofilization, 19.0 mg (31%) of pure peptide HOOC*Iieu-Phe- 
Phe-Asn-Iieu-Asn**NH2 was isolated. Amino acid analysis: 

30 Found; Thr, 2.01; Leu, 2.97; Asn (as Asp), 2.10; and Phe, 
2.89 (see Figure 7 for HPLC data). 
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EXAMPLE 3 

Synthesis of homodecanucleotide d ( iMe-f -U) 
5 SvnthQtizer e onf icnaratiion , ; see Figure 5. 

Pglifl gqpport: Long chain aUcylamine contxolled pore glass 
(CPG) 80-120 mesh particle size, substitution 30.5 micromole 
of 5 ' -O-diiftethoxytrityl-3 ' -O-succiny l-l-methyl-2 ' -deoxy-f - 
10 uridine per gran of CPG. 

Synthetic method; H-phosphonate method of oligonucleotide 
synthesis • 

15 Nucleotides 5 ' -O-dimethoxytrityl-l-methyl-2 ' -4eoxy-?- 

uridine-3 ' -O- (H) -phosphonate . 

g9n<a?nPinq agsoi^: Trimethylacetyl chloride (pivaloyl 

chloride, PVCL) • 

20 

SoJ.vfflts fi reaaenta; Acetonitrile (WGIII) , 1,2- 

dichloroethane (WGI) , 50% pyridine in acetonitrile (W6II) , 
2.5% dicdiloroacetic acid in 1,2 -dichloroethane (DBLC) , 2% 
iodine solution in pyridine (98) -water (2) (MDI) • 

25 

React i oil 99l^min- 6.5 mm ID glass coluaaui with adjustable 
length of the bed. 

Ssals: 0.5 microraole ( = 16.4 mg of modified CPG). 

30 

Nucleotide cone-; 0.1 mol/1 solution of fully protected 
nucleotide in WGII (15 fold molar excess per working cycle) . 



Condensing aaent rit^nt-^t o.5 mol/1 solution of PVCL in WGII 
35 (Ration condensing agent: nucleotide » 5:1). 
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ThB synthesis proceeded according to the arrangement shown 
in Figure 5. The synthetic method consisted of the 
deblodcing step (DBLC) , 1,2-dichloroethane washing (W6I) , 
pyridine/acetonitrile washing (WGII) , coupling step (CO) , 
5 WGII washing and WGI washing. The first cycle was preceded 
by WGI washing and the last one followed by DBLC, WGI, and 
WGIII washings , iodine oxidation (HDIOX) , and WGII and WGIII 
washings . 



10 The reservoirs containing the reagents and solvents were 
connected to the appropriate positions on the 6-way MV valve 
and DV valve. The nucleotide monomer solution was connected 
to the N5P position while N1P-N4P positions, reserved for 
four basic monomer solutions (dA-HlP; dG-N2P; dC-N3P; dT- 

15 N4P) , were not used in this case when the title homooligomer 
was synthesized • The COP position served for coupling 
reagent, the HIP for oxidizing agent, the DEP position for 
deblocking solution, and WIP, WIIP, and WIIIP were connected 
to the appropriate washing solutions. The CAP and CTP 

20 positions were vacant in this case. All the steps within 
the cycle and also the preceding and final steps proceeded 
in the same simple mode; no recycling system was employed 



The first step in the cycle, deblocking, started with the 
sucking preformed by MSP pump (Imposition) which drove the 
deblocking solution from the storage bottle through the DEP 
position of the MV valve into the DV valve (position 1 in 
Figure 5) (central outlet) to the column RC. When the MSP 
30 piston stroke was completed, the liquid was expelled from 
the MSP pump (0-position) , entered the SV valve and was 
releetsed through position 4 to the tost tube in the fraction 
collector (the orange colored solutions were collected in 
each deblocking step and kept for the stepwise-yield DV 
35 measuremento).. After the solution was expelled, the valve 
on the MSP pump was switohed to the I-position again and the 
syringe started sucking. The WGI washing solvent was driven 
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tbrough the WIP position to the DV valve (position 1) , then 
to the columi RC, and finally to the syringe MSP. The 
piston of the syringe drove the liquid through the 
position to the SV valve and from there , through the WSP 
5 position, to the waste bottle. Nov the sucking of the WGII 
solvent started as described previously. All the solutions, 
other than the deblocking ones were driven to waste. All 
the steps throughout the cycles followed this mode, so that 
only the waste or fraction collector position of SV valve 
10 was used. 

Each cycle yielded 94.5% (determined spectrophotometrically 
at 504 nm after each cycle as dimethoxytrityl cation) . 
After synthesis, the €SP6-bound oligomer was treated with 

15 concentrated ammonium hydroxide solution (Biin. 29%) for 2 
hours at room tenperatture to release the oligomer from the 
insoluble solid support* The solid support was removed by 
centrifugation and the supernatant was evaporated using 
SpeedVac Concentrator (centrifuge evaporator) . The solid 

20 residue was additionally heated with concentrated ammonium 
hydroxide solution (min. 29%) for 6 hours at 55^C. In this 
example, however, this last step was not necessary. 
Evaporation of this solution using the same technique (see 
above) yielded a white foam of the crude oligcHQer. 

25 Additional purification by semiprepeurative HPLC on the 
reverse phase column (Dynamax*-300A C18 5 microns Rainin Co.) 
in 0.1 mol/L triethylammonium hydrogencarbonate buffer pH 
7.01 solvent systra (see below) afforded, after desalting of 
the oligomer on 10D6 column (Bio^Rad Co.) , 0.095 /imole (19%) 

30 of chromatographically (HPLC) homogeneous decamer (see Table 
2 and Figure 8 for results) . 



t • 
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WS£ 2. 

Data: d( 1 MePsU) 1 0NoTGI 0- 3Q/30-C0 1 
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EXftMPLE 4 

Synthesis of homodecanucleotide, decathymidylate dlT)^Q. 
^ Svnthetizer eoT^f tcniration ; see Figure 5. 

Solj^^ g\tPP9rts Long chain alkylamine controlled pore glass 
(CPG) 80-120 aesh particle size, substitution 27.6 microaole 
of 5 ' -O-dimethoxytrity 1-3 ' -O-succinyl-2 ' -deoxythymidine per 
10 gram of CP6. 

Synthetic methods H-phosphonate method of oligonucleotide 
synthesis. 

15 liusiestijis: 5 ' -O-dimethoxytrityl-2 ' -deoxythymidine-3 ' -o- 
(H) -phosphonate triethylammonium salt. 

Condgpsinq aasnt: Trimethylacetyl chloride (pivaloyl 

chloride, PVCL) . 

20 

golV?ntB fi reaqgnts: Acetonitrile (WGIII) , 1,2- 

dichloroethane (WGI), 50% pyridine in acetonitrile (WGII), 
2.5% dichloroacetic acid in 1,2-dichloroethane (DBLC) , 2% 
iodine solution in pyridine-water (98.2) (HDI) . 

25 

R^actipn gpltimn: 6.5 nm id glass column with adjust2dt>le 
le i:h of the bed. 

SSSlS — QaadiasL: 0.5 aicroTOle ( = 18.1 mg of nodified 
30 CP6) . 

Nqglgptia^ gpngts 0.1 mol/l solution of fully protected 
nucleotide in WGII (15 fold molar excess per working cycle) . 



35 



Condensing aaent capn^ • o.5 Biol/1 solution of PVCL in WGII 
(Ration condensing agent; nucleotide = 5:1). 
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The synthesis was performed by alternating delivery of 
nucleotide and condensing agent in Nx s^egments into the 
reaction column (as in Example 3) • All steps in the cycles 
proceeded in the same way as described in Example 3. The 
5 thymidine solution was connected to the N4P position while 
the N1P-N3P and the N5P positions were vacant. Repetitive 
yield: 97% (determined spectrophotometrically at 504 nm 
after each cycle as dimethoxytrityl cation) . Work up: The 
same as in Example 3* Yield: 0.28 umole (56%) of 
10 chromatographically (HPLC) homogeneous decamer (see Tedile 3 
and Figure 9 for results) • 
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EXAMPLE 5 

Synthesis of undecanucleotide dCTg-aMe-f-Us) (dT = 
thymidine, d3Me-f-U = 3-inethyl-2'-deoxy-f-uridine) . 

5 

Synthetizer configuration ; see Figure 5. 

Solid support ; Long chain allcylamine controlled pore glass 
(CP6) 80-*120 mesh partdcle size, substitution 27.6 micromole 
10 of 5'-o-dimethoxytrityl-3'-0-succinyl-thymidine per gram of 

CPG. 

Synthetiic method ; H-phosphonate method of oligonucleotide 
synthesis. 

15 

Nucleotide fs> ; 5 ' -o-dimethoxytrityl-thymidine-3 ^ -O- (H) - 
phosphonate and 5'-0-dimethoxytrityl-2'-deoxy-3-methyl-T- 
uridine-3 ' -O- (H) -phosphonate (both compounds as 
triethylammonium salts) • 

20 

eondensina aaent ; Trimethylacetyl chloride (pivaloyl 
chloride, PVCL) . 

Solvents & reagents ; Acetonitrile (WGIIX) , 1,2- 

25 dichloroethane (W6I), 50% pyridine in acetonitrile (W6XI), 
2.5% dichloroacetic acid in 1,2-dichloroethane (DBLC) , 2% 
iodine solution in pyridine-water(98»2) (HDX) • 

Reaction r ^rt^ innn ; 6.5 mm ID glass column with adjusta&ble 
30 length of the bed. 

Scale (loading) ; 0.5 micromole ( = 18.1 mg of modified 
CPG) . 

35 Nucl. concentration ; 0.1 mol/1 solution of fully protected 
nucleotides in WGXI (15 fold molar excess per working 
cycle) • 
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Condenslna aaent cone.; o.5 aol/l solution of PVCL in W6II 
(Ration condensing agent: nucleotide = 5:1). 

The synthesis involved alternating delivery of nucleotide 
and condensing agent in Nx segments into the reaction column 
(as in Example 3) . All of the steps were performed in the 
same manner as described in Example 3 . The N4P position was 
connected to the thymidine solution bottle vhile 3-methyl-y- 
2 ' -deosgniridine tras connected through the H5P position. 
Repetitive yield: 95% (determined spectrophotometrically as 
dimethoxytri'^1 cation at 504 nm after each cycle) . Yield: 
0.20 /tnole (40%) of chromatographically (HPLC) homogeneous 
decamer (see Table 4 and Figure 10 for results) . 
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* 

Synthesis of decaxmcleotide d(A-He2-f**n}5, (dA = 2'- 
deoxyadenosine, dMe2-f-U = 2'-deoxy-l,3-dimethyl-f-uridine) . 

5 

Svnthetizer conf icniraiiiQn: see Figure 5. 

Solid support ! Long chain alkylamine controlled pore glass 
(CP6) 80-120 mesh particle size, substitution 31.2 micromole 
10 of 5 ' -O-diiaethoxytrityl-3 ' -O-succinyl-1 , 3 -diinethyl-2 ' -deoxy 
f -uridine per gram of CP6. 

Synthetic method ; H-phosphonate method of oligonucleotide 
synthesis. 

15 

Nucleotide fs> t 5 ' -O-diaethoxytr ity 1-1 , 3 -dimethy 1-2 ' -deo3^-T 
-uridine-3-O- (H) -i^osphonate and 5 ' -O-dimethoxytrity 1-2 ' - 
deoxyadeno8ine-3'-0-(H)-phosphonate (both compounds as 
triethylammoniuB salts). 

20 

Condensing aaent : Trimethylacetyl chloride (pivaloyl 
chloride, PVCL) . 

Solvents & reaaentis : Acetonitrile (W6III) , 1,2- 

25 dichloroethane (W6I) , 50% pyridine in acetonitrile (W6II) , 
2.5% dichloroacetic acid in 1,2-dichloroethane (DBLC) , 2% 
iodine solution in pyridine ( 98 )-^ter (2) (MDI). 

Reaction f^lyim- 6.5 mm ID glass column with adjustable 
30 length of the bed. 

5 " ale f loading) ; 0.5 micromole ( - 16 mg of modified CFG) . 

Nucl. concentration ; 0.1 mol/1 solution of fully protected 
35 nucleotides in WGII (15 fold molar excess per working 
cycle) . 
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Condensing aaent cone, ; 0.5 mol/1 solution of PVCL in WGII 
(Ratio cond. agent: nucleotide - 5:1} • 

The synthesis involved the alternating delivery of 
5 nucleotide and condensing agent in Nx segments into the 
reaction column (as in Example 3) • All steps were performed 
in the same manner as described in Example 3 • The 2 ' - 
deoxyadenosine solution bottle was connected to the NIP 
position, while the l,3-dimethyl-T-2'-deoxyuridine bottle 
10 was connected to the N5P position. Repetitive yield: 94% 
(determined spectrophotometrically at 504 nm after each 
cycle as dimethoxytrltyl cation). Yield: 0.05 fimole (10%) 
of chromatographically (HPLC) homogeneous decamer (see Tcible 
5 cufid Figure 11 for results) . 
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mxat is claimed is: 

1 . An apparatus for synthesizing an oligomer from 
preselected reactants %diich comprises: 

5 

(a) multiple reservoirs, each reservoir comprising an 
input means and an output means, each for holding 
a different one of the reactsurits; 

10 (b) multiple reservoirs, each reservoir comprising an 

input means and an ou^ut means, each for holding 
a different solvent; 



(c) a reaction chamber, coi^rising a first open end 
and a second open end, for holding a solid 



15 



20 



(d) a gas supply means, connected to the input means 
of the reservoirs, for controlling the supply of 
gas within the apparatus so as to maintain a 
consteuit pressure within the apparatus; 



(e) a delivery valve means, comprising an input means 
and an ou^ut means, wherein the input means is 

25 connected to the output means of each reservoir 

and the output means is connected to the first 
open end of the reaction chamber, for selectively 
delivering each reactant or solvent from the 
output means of each reservoir to the first open 

30 end of the reaction chamber; 

(f) a directional flow valve mesms, comprising a 
first port and a second port, wherein the first 
port is connected to the second open end of the 

35 reaction chamber, for controlling the direction 

of flow of each reactant and solvent; 
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20 



30 



(g) a liquid flow control laeans, connected to the 
directional flow valve means, for controlling the 
flow of each reactant or solvent into the liquid 
flow control means by negative pressure and the 
flow of each excess reactant or solvent out of 
the liquid flow control means by positive 



(h) a selection valve means, coiQ>rising an input 
means and an output means, wherein the input 
means is connected to the second port of the 
directional flow valve means, for controlling the 
disposition of each excess reactant or solvent 
flowing from the second port of the directional 

1^ flow valve means; and 

(i) a control means for controlling the selection and 
delivery of each reactant or solvent by the 
delivery valve means, the direction of flow of 
each reactant or solvent by the directional flow 
valve means, the flow of each reactant or solvent 
by the liquid flow control means, and "»>he 
disposition of each excess reactant or solvent by 
the selection valve means, in response to 

2S selected conditions. 

2. An apparatus of claim l which further comprises a 
recycling reservoir comprising an input means and an 
output means, wherein the input means is connected to 
the oul^nit means of the selection valve means and the 
output means is connected to the input means of the 
delivery valve means, for holding each excess reactant 
or solvent before delivery by the delivery valve means. 



t 
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3. An apparatus of claim 1 ^ich further comprises: 

(a) a recycling reservoir, comprising an input/ou'^mt 
means, for holding each excess reactant or 
5 solvent; 



(b) a recycling valve means, con^rising a first port, 
a second port, a third port, and a foiirth port, 
wherein the first port is connected to the ou^nit 

10 means of the selection valve means, the second 

. port is connected to the input/output means of 
the recycling reservoir, the third port is 
connected to the first open end of the reaction 
chamber, and the fourth port is connected to the 

15 output means of the delivery valve means, for 

recycling excess reactant or solvent back through 
the reaction chamber; and 



(c) a control means, for controlling the recycling of 
20 excess reactant or solvent by the recycling valve 



4. An apparatus of claim 3, which further coiq>rises: 

25 (a) a bidirectional valve means, comprising a first 

port, a second port, a third port, and a fourth 
port, wherein the first port is connected to the 
third port of the recycling valve means, the 
second port is connected to the first opening end 

30 of the reaction chamber , the third port is 

connected "to the second opening end of the 
reaction chamber , and the fourth port is 
connected t:o the first port of the directional 
flow valve; and 

35 

(b) a control means for controlling the bidirectional 
valve means. 
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An apparatus of claim 1 lAich further conprises: 

(a) additional reservoirs, each reservoir con^rising 
an input aieans and an ou^ut means, each for 
holding an additional reactant; 

(b) additional reservoirs, each reservoir comprising 
an input means and an output means , each for 
holding an additional solvent; 

« 

(c) a modifying valve means, comprising an input 
means and an ou'^ut means , wherein the input 
means is connected to the output means of each 
additional reservoir and the ou^ut means is 
connected to input meems of the delivery valve 
means, for selectively delivering each additional 
reactant or solvent to the delivery valve means; 
and 

(d) a control mesuis, for controlling the selection 
and delivery of each additional reactant or 
solvent to the delivery valve means by the 
modifying valve means. 

An apparatus of claim 2 i^ich further comprises: 

(a) additional reservoirs, each reservoir conqprising 
an input means and an ou'^ut means, each for 
holding an additional reactant; 

(b) additional reservoirs, each reservoir comprising 
an input means and an output means, each for 
holding an additional solvent; 

(c) a modifying valve means, comprising aii input 
means and an ou^ut means, wherein the input 
means is connected to the output means of each 
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additional reservoir and the output means is 
connected to input means of the delivery valve 
meems, for selectively delivering each additional 
reactant or solvent to the delivery valve means; 
5 and 

(d) a control means, for controlling the selection 
and delivery of each additional reactant or 
solvent to the delivery valve means by the 
10 modifying valve means. 

7. An apparatus of claim 3 which further comprises: 



15 



30 



(a) additional reservoirs, each reservoir comprising 
an input means and an oul^yut means, each for 
holding an additional reactant; 



(b) additional reservoirs, each reservoir comprising 
an input means and an output neans, each for 

20 holding an additional solvent; 

(c) a modifying valve meams, comprising an input 
means and an oul^ut means , wherein the iz^ut 
means is connected to the output means of each 

25 additional reservoir and the output means is 

connected to input means of the delivery valve 
means, for selectively delivering each additional 
reactant or solvent to the delivery valve means; 
and 



(d) a control means, for controlling the selection 
and delivery of each additional reactant or 
solvent to the delivery valve means by the 
modifying valve means. 



35 
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8. An apparatus of claim 4 which further cosiprises 

(a) additional reservoirs, each reservoir comprising 
an input means and an output means , each for 

5 holding an additional reactant; 

(b) additional reservoirs, each reservoir comprising 
an input means and an output means, each for 
holding an additional solvent; 

10 

(c) a modifying valve means, comprising an input 
means and an ou^ut means, wherein the input 
means is connected to the output meams of each 
additional reservoir and the out^t means is 
connected to input means of the delivery valve 
means, for selectively delivering each additional 
reactant or solvent to the delivery valve means; 
and 

(d) a control means, for controlling the selection 
and delivery of each additional reactant or 
solvent to the delivery valve means by the 
modifying valve meems. 

9. An app2u:atus of claim 1 herein the oligomer is an 
oligonucleotide • 

10. An apparatus of claim 1 wherein the oligomer is an 
oligopeptide. 

11. An apparatus of claim 1 wherein the liquid flow control 
means is a syringe* 

12. An app2uratus of claim l wherein the output means of the 
selection valve means is connected to a waste 
reservoir. 



25 



30 



35 



• I 
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13 . An apparatus of claim 1 wherein the output means of the 
selection * valve means is connected to a fraction 



5 14 • An apparatus of claim 1 idierein the ou^^t means of the 

selection valve means is connected to a waste reservoir 
and a fraction colledior. 

15. An apparatus of claim 1 herein the control mesms is a 
10 computer* 

16. A method for synthesizing an oligomer in a reaction 
area from preselected reactants ^^ch comprises: 

15 (a) displacing one of the preselected reactemts by 

negative pressure into the reaction area, under 
suitable conditions for permitting reaction; 

(b) removing excess reactant from the reaction area 
20 by nega1:ive pressure; 

(c) repeating s1:eps (a) and (b) a selected number of 
times until reaction has occurred; 

25 (d) displacing a preselected solvent by negative 

pressure in1:o the reaction area, under suitable 
conditions for permitting reaction; 



(e) removing solvent from the reaction area by 



(f ) repeating st^ps (d) and (e) a suitable number of 
times until the reaction area is suited^ly washed; 

35 (g) repeating steps (a) -(c) with the next preselected 
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(h) repeating st^^s (d)-(f ) with the next preselected 
solvent; and 

(i) repeating steps (g) and (h) until the oligomer 
desired has been synthesized. 



10 



wo 93/00625 PCr/US92/0S31 0 

lAl 

FIGOEiE 1 




wo 93/00625 



PCr/US92/0S310 



2/U 



N2P 




NudeofldB noovery flasks 



wo 93/00625 PCr/US92/0S310 

4/11 




wo 93/00625 



PCTAJS52/0S310 



5A1 
FIGDRB 5 




wo 93/00625 



PCT/US92/0S3I0 



6/11 



FIGURE 6 



(min) 0 




910 



60% Acetonitrile 



SUBSTITUTE SHEET 



wo 93/00625 



PCT/US92/0S310 



7/11 
FIGURE 7 




(min) 0 

L 



414 



60% Acetonitrile 



SUBSTITUTE SHEET 



wo 93/00(25 



PCTAJS92/0S310 




SUBSTITUTE SHEET 



wo 93/00625 



9/11 

FIGURE 9 



PCr/US92/0S310 




f I I I I I I I I I I I I I I I I I I I I I I I I I 

5.0 30.0 



SUBSTITUTE SHEET 



'WO93/00fi25 



PCr/US9Z/0S310 



10/11 

FIGURE 10 




SUBSTITUTE SHEET 



wo 93/00625 



PCr/DS92/0S310 



11/11 

FIGURE 11 
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